Table S2 Primer sequences and conditions for PCR
E. coli C82S forward mutagenic primer 5'-TCG CCC ACG TCG GTT CCG TCA GCA CCG C-3' E. coli C82S reverse mutagenic primer 5'-CTT TCA GCT TTG AAG AAC ACT CCG ATC ACT ATC GGG CAA TTA-3' E. coli C119S forward mutagenic primer 5'-CTT TCA GCT TTG AAG AAC ACT CCG ATC ACT ATC GGG CAA TTA -3' E. coli C119S reverse mutagenic primer 5'-GAA AGT CGA AAC TTC TTG TGA GGC TAG TGA TAG CCC GTT AAT -3' E. coli C238S forward mutagenic primer 5'-CGC GCA GAA ACT GCA AAC TGA ATC CAA TAA AGT CAT TGA TTT ACT G -3' E. coli C238S reverse mutagenic primer 5'-CAG TAA ATC AAT GAC TTT ATT GGA TTC AGT TTG CAG TTT CTG CGC G-3' E. coli C270S forward mutagenic primer 5'-GTT TCT GTG CCG CTG TCC CGC AAA CCG TTT GG -3' E. coli C270S reverse mutagenic primer 5'-CCA AAC GGT TTG CGG GAC AGC GGC ACA GAA AC -3' S. aureus forward cloning primer 5'-TCA GAG GAA TTC ATG GAA CAC CAT CAC CAT CAC CAT AAC AAA GAT TTA AAA GGT-3' (encoded His 6 tag emboldened; EcoRI restriction site underlined) S. aureus reverse cloning primer 5'-GCC GTC ACG TGC CTG CAG CTA TAA ATC GTA TTT TGC AAT-3' (PstI restriction site underlined) K165C mutagenesis forward primer 5'-CAT GAA AAA ATT GTT GGT GTT TGC TAT ACA GCG CCA AAC TTC TTC CTA CTC G-3' K165C mutagenesis reverse primer 5'-CGA GTA GGA AGA AGT TTG GCG CTG TAT AGC AAA CAC CAA CAA TTT TTT CAT G-3'
PCR conditions for amplification of S. aureus NAL
The PCR reaction contained 5 L each of 10 M forward and reverse primers, 5 L 0.1ng/ L genomic DNA template, 5 L 2mM dNTPs, 5 L of 10x Pfu buffer (supplied with the Pfu polymerase) and 25 L of water in a thin walled PCR tube. This was heated for 5 min at 95 ˚C. 0.5 L of Pfu turbo polymerase (2.5 U/ L) was then added to each reaction, and the following cycling conditions were then used:
95 ˚C for 1 min; 10 repeats of (95 ˚C 1 min, 50 ˚C 1 min, 72 ˚C 2 min) followed by 20 repeats of (95 ˚C 1 min, 60 ˚C 1 min, 72 ˚C 2 min) and finally 72 ˚C for 10 min. Gel processing and tryptic digestion. S. aureus NAL was run on an SDS-PAGE gel and bands were excised and cut into small pieces ( ~ 1 mm 3 ), covered with 30 % (v/v) ethanol in a 1.5 mL microcentrifuge tube and heated to 70 °C for 30 min with shaking. The supernatant was removed and replaced with fresh ethanol solution which was again heated to 70 °C for 30 min. This was repeated until all Coomassie stain was removed from the gel. The destain solution was replaced with 50 µL 25 mM ammonium bicarbonate and was shaken for one hour. The wash solution was discarded and the gel slices covered with 25 mM ammonium bicarbonate/50% (v/v) acetonitrile and vortexed for ten mins. The gel slices were then covered with 100% acetonitrile and left for five mins with vortexing before the supernatant was discarded and replaced with a fresh aliquot of acetonitrile. Acetonitrile was removed and the gel pieces were completely dried under vacuum centrifugation for 30 mins. Once dry, the gel slices were cooled on ice. The gel slices were then covered with ice cold trypsin solution (20 ng µL -1 in 25 mM ammonium bicarbonate) and left on ice for 30 mins to rehydrate. Excess trypsin solution was removed and the gel slices were covered with a minimal amount of 25 mM ammonium bicarbonate. After briefly vortexing and centrifuging, the gel slices were incubated at 37 °C with shaking for 18 hrs. The resulting digest was vortexed, centrifuged and 50 µL water was added. Following vortexing for 10 mins, the supernatant was recovered and added to an Eppendorf tube containing 5 µL acetonitrile/ water/ formic acid (60/35/5; v/v). 50 µL acetonitrile/ water/ formic acid (60/35/5; v/v) was added to the gel slices and vortexed for an additional 10 mins. The supernatant was pooled with the previous wash and one additional wash of the gel slices was performed. The pool of three washes was dried by vacuum centrifugation. The peptides were reconstituted in 20 µL acetonitrile/ water/ formic acid (2/97.9/0.1; v/v).
Liquid chromatography-mass spectrometry. LC-MS/MS analysis of the peptide mixtures was performed on an Ultimate 3000 nano LC system (Dionex, Amsterdam, The Netherlands). 2 µL of each sample in water was loaded onto a C18 guard column and washed with 2% acetonitrile/0.1% formic acid for 5 min at 25 µL min -1 . After valve switching, the peptides were then separated on a PepMap C18, 100 µm i.d. x 15 cm analytical column (Dionex, Amsterdam, NL) by gradient elution of 2-60% solvent B in A over 60 min. at 0.3 µL min -1 . Solvent A was 0.05% formic acid in 98% water/2% acetonitrile, solvent B was 0.05% formic acid in 20% water/80% acetonitrile.
The column eluant was directly interfaced to a quadrupole-ion mobility-orthogonal time of flight mass spectrometer (Synapt HDMS, Waters UK, Manchester) via a Z-spray nanoflow electrospray source. The MS was operated in positive TOF mode using a capillary voltage of 3.2 kV, cone voltage of 25 V, backing pressure of 2.47 mbar and a trap bias of 4 V. The source temperature was 80°C. Argon was used as the buffer gas at a pressure of 5.0 × 10 -4 mbar in the trap and transfer regions. Mass calibration was performed by a separate injection of sodium iodide at a concentration of 2 µg/ µl. GluFib was infused as a lock mass calibrant with a one second lock spray scan taken every 30 s during acquisition. Ten scans were averaged to determine the lock mass correction factor. Data acquisition was using data dependent analysis with a one second MS over m/z 350-3000 being followed by three 1 s MS/MS taken of the three most intense ions in the MS spectrum. CE applied was dependent upon charge state and mass of the ion selected. Dynamic exclusion of 60 s was used. Data processing was performed using MassLynx v4.1. Peptide MS/MS data were processed with ProteinLynx Global Server (Waters Ltd, U.K.) and searched against the UniProtKB/SwissProt database (release 2011_12). et al., 2003, Prot. Struct. Func. And Genet, 50, 437-450) . ■ The side-chain of Tyr-111 is in close proximity to Leu-142, Thr-143 and Phe-110 from an adjacent chain causing the phi and psi angles of Tyr-111 to lie in an unfavoured region of the Ramachandran plot. Figure S7 . pH activity profiles.
(A) Theoretical pH titration curves showing (red) the % of protonated form of a residue (X) with a pKa value of 5.84 and (black) the % of deprotonated form of another residue (Y) with a pKa value of 8.68. Assuming that the active form of the enzyme requires the deprotonated form of X and the protonated form of Y, the green line shows the % of the enzyme in the active form. The pKa values illustrated are those found for the wild-type S. aureus NAL, and shows that almost 100% of the theoretical maximum value of k cat /K m is experimentally obtained. In contrast when the pKa values of X and Y are 6.84 and 7.12 as illustrated in (B) a maximum of only 33.6% of the enzyme is in the correct ionisation state for activity at the pH optimum.
